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AUTORADIOGRAPHIC STUDIES OF THE INCORPORATION OF THYMIDINE-H3
INTO DEOXYRIBONUCLEIC ACID IN THE SKIN OF YOUNG RATS*
KIMIE FUKUYAMA, M.D. AND I. A. BERNSTEIN, PH.D.
The synthesis of deoxyribonucleic acid (DNA)
takes place in the cell cycle sometime before
cell division and the replicated DNA is
transferred to the "daughter" nuclei during
mitosis. If tritiated thymidine, a specific precursor
of DNA, is present during the period of DNA
production, radioactive DNA is synthesized and
the daughter nuclei also become radioactive.
By autoradiography, the epidermal cells of mice
and rats have been observed to be labeled at 13'
(1), 3 and S hours (2, 3) after injection of thymi-
dine-H3. The labeled cells were seen in the deeper
part of the epidermis where mitoses are usually
seen and DNA duplication must occur. Six
months later, however, none of the labeled cells
were present in the epidermis (2). Since DNA is
considered to be metabolically inert under
ordinary conditions, loss of tritium must have
occurred either by (a) dilution of the label
resulting from many cell divisions, so that the
level of radioactivity was too low for identifica-
tion; or (b) disappearance by the same process
as causes the loss of the nucleus at the surface of
the epidermis. Cells formed in the deeper part of
the epidermis slowly move out towards the
surface and are lost by desquamation, although
the precise role played by each cell in this action
is not yet known.
This paper reports the site of synthesis of DNA
in the epidermis of newborn rats and the be-
havior of cells containing radioactive DNA as
observed by autoradiography.
MATERIALS AND METHODS
Newborn (4—5 days old) rats of the Sprague-
Dawley strain were injected intraperitoneally
with 2 uC of tritiated thymidine per gram body
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weight. Tritiated thymidine (tl/ for H3 = 12.3
years) was obtained from the Schwarz Labora-
tories and was diluted to 5 uC per 0.01 cc of
distilled water. The animals were sacrificed at
various intervals after injection and skin samples,
approximately 1 cm2, were taken from the dorsal
side of the animals. The samples were fixed im-
mediately in 10 per cent neutral formalin solution.
After dehydration, the samples were embedded in
paraffin and sectioned at 4 microns. Autoradio-
grams were prepared with Kodak Autoradio-
graphic Stripping Plates, AR 10 and developed
with Kodak developer D19 after 4 weeks of expo-
sure as described by Boyd (4).
The Feulgen stain, which was not washed out
with D19 developer and acid fixer, was employed
to indicate the localization of DNA in the tissue
allowing a correlation between incorporated
radioactivity and cytological detail. However,
cytoplasmic detail was not clear with this stain.
Since hematoxylin-cosin stain was almost com-
pletely extracted during the photographic de-
veloping process and sections stained with toluidin
blue tend to fog the emulsion (3), autoradiograms
were stained with hematoxylin-eosin (5) and
methylene blue after development and fixation of
the film. Methylene blue staining was the simplest
and the silver grains were clearly seen on the blue
background.
In order to test the specificity of the incorpora-
tion of thymidine-H3 into the DNA molecule, a
series of sections were incubated with deoxyribo-
nuclease (DNase) or control buffer solutions as
reported by Amano et at (3).
The number of labeled nuclei in 1000 epidermal
cells were counted and their distribution was
studied at 1, 2, 6, 12 and 24 hours and at 2, 3, 4, 5
and 6 days after the injection of the tracer. A
nucleus which contained more than four grains
was considered as a labeled nucleus in this study.
RESULTS
Groups of silver grains were seen on the inter-
phase nuclei of the epidermis, the hair follicles
and the connective tissue cells of the dermis
as early as 15 minutes (the shortest time studied
was 5 minutes) after the injection of thymidine-
H3. After incubation of the sections with DNase
for 24 hours, such groups of grains were not
observed, while incubation in a control buffer
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Fru. 1. Number of labeled nuclei in the epidermis at various times after the administration of thymi-
dine-H3 to newborn rats.
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FIG. 2. Distribution of labeled nuclei inthe basal, Malpighian and granular layers of the epidermis at
various times after the administration of thymidine-H3 to newborn rats.
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FIG. 3. Labeled interphase nuclei in the hair follicles at 2 hours after injection of thymidine-H.
Mitotic figures are not labeled. In this and subsequent microphotographs the microscopic magnifica-
tion is X 750.
FIG. 4. Labeled interphase and mitotic figures in the hair follicles at 6 hours after injection of thymi-
dine-H3.
solution did not change the distribution of grains.
With increase in time after injection, more
labeled nuclei appeared and at 6 hours after the
injection, mitotic figures showing the presence of
the label were observed (Figs. 3, 4).
The number of labeled nuclei per 1000 epi-
dermal cells counted at various intervals is
summarized in Fig. 1. After the early sharp rise
in the total number during the first two hours,
the number of labeled nuclei increased gradually
and reached the maximum at 3 days after the
injection. A decrease in the number of labeled
nuclei was observed after 4 days.
Figure 2 shows the distribution, with time, of
labeled nuclei in the three layers of the epidermis,
namely the basal layer, the malpighian layer, and
the granular layer. During the first 12 hours of
observation, most of the labeled nuclei were seen
in the basal layer and a few in the Malpighian
layer (Figs. 5, 6). By 36—48 hours after the injec-
tion, the number of labeled nuclei gradually
increased in the malpighian layer (Fig. 7). In a
preparation taken 2 days after the injection, the
first labeled nucleus was seen in the granular
layer. The number of labeled nuclei in the mal-
pighian layer and the granular layer continued
to increase, while the number of the basal layer
was reduced at 3 days (Fig. 8). The population of
labeled nuclei in the malpighian layer and the
basal layer decreased slowly after 4 days of
observation, but in the granular layer the number
attained the maximum at 5 days and then
decreased.
DIscussIoN
Tritium emits beta particles with an average
range of 1.5 microns. Adequate resolution was
obtained on autoradiograms prepared with
stripping film, AR 10. Radioactivity was always
essentially limited to the areas of the tissue which
showed a positive Feulgen reaction after thymi-
dine-H3 was administered. Since incubation with
DNase removed essentially all radioactivity from
the sections, the labeled material can be con-
sidered to have been DNA. This observation also
indicates that thymidine or any thymidine
324 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 5. Labeled nucleus observed in the basal layer of the epidermis 2 hours after injection of thymi-
dine-H3.
FIG. 6. Labeled nuclei observed in the basal layer of the epidermis 12 hours after injection of thymi-
dine-H3.
FIG. 7. Labeled nuclei observed in the basal layer and the Malpighian layer of the epidermis 48 hours
after injection of thymidine-H3.
FIG. 8. Labeled nuclei observed in the basal, Malpighian, and granular layer of the epidermis 72 hours
after injection of thymidine-H3.
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derivative (other than DNA) which was present
in the tissue, was removed during the histologic
and/or autoradiographic process.
Presumably only cells which are in the period
of DNA synthesis can be labeled when radio-
active thymidine is administered. In the present
study, 2.4% and 4.3% of the epidermal cells were
labeled 1 and 2 hours, respectively, after the
injection of tritiated thymidine. Since labeled
mitotic figures did not appear during these
early periods of observation, the number of
labeled nuclei would seem to be an indication of
the portion of cells which were in the period of
DNA synthesis during this time interval. Labeled
mitoses were seen six' hours after the injection
indicating that the minimum time required by
the cells between the synthesis of DNA and
cell division was of the order of 6 hours.
Experiments bearing on the behavior of the
epidermal cell have made use of injected India
ink (6), bicarbonate-C'4 (7), and methionine-535
(8). The results obtained with these technics
demonstrate that the injected materials which
appeared in the deeper part of the epidermis at
first showed slow movement towards the surface.
However, in a study of epidermal dynamics it is
important to observe the behavior of each cell
unit and it was not possible to make such obser-
vations with these methods. The use of tritiated
thymidine with autoradiography was thought
to be a better approach to the study of DNA
synthesis and the renewal of a cell population
(cf. 2, 9). Cells which are in the period of DNA
synthesis, as evidenced by the presence of radio-
activity, appeared at random in the basal layer
and the deeper part of the Malpighian layer after
the injection of thymidine-H3. Six hours later,
some of these labeled cells had divided and the
radioactive material was transferred into the
daughter cells. The augmentation in the number
of labeled cells in the basal layer is the result of
new labeling and mitoses, and the decrease at 4
days occurs by synthesis of DNA from non-
radioactive precursor as well as the migration
of the labeled basal cells into the other layers.
From 24 hours after the injection, the population
of labeled cells in the Malpighian layer was
increased. Inasmuch as the number of mitotic
figures seen in this layer was insufficient to
account for the large number of labeled nuclei in
this period of observation, it is reasonable to say
that this sharp increase in the malpighian layer
was a result of neither synthesis of new DNA
nor division of labeled cells, but mainly of migra-
tion of labeled cells from the basal layer. This
conclusion is in agreement with that reached by
Walker and Leblond (10), who suggest that each
cell migrates independently to the surface in the
gum epithelium of the mouse. At 2 days the
migrated, labeled cells were observed in the
granular layer and many of them were seen just
under the cornified layer by 3 days and 4 days
after administration of the tracer. Since cells are
lost at the surface in order to maintain the fixed
thickness of the epidermis, the diminution of the
number of labeled nuclei observed in the granular
layer after 5 days is probably a result of cell loss.
These data suggest that the life time of some cells
must be of the order of 90 hours (i.e. 96 minus the
6 hours required between the synthesis of DNA
and the division of the cell). The precise mech-
anism of disappearance of nuclei is not known.
However, the fact that radioactivity was not
detected in the cornified layer in this study in-
dicates that DNA may be metabolized before or
during keratinization.
Many factors can alter the physiological
formation, migration or differentiation and
desquamation of the epidermal cell. The effects
of radiation caused by the injected thymidine-H3
must be considered. In fact, the inhibition of
mitosis was seen when tritiated thymidine was
added to tissue cultures of HeLa cells (11).
Whether or not there was such a radiation
effect on the normal physiology of the epidermal
cells in the present study was not determined.
5UMJ1AEY
1. Newly synthesized DNA in the epidermis of
the newborn rat was labeled by tritiated thy-
midine injected intraperitoneally.
2. Fifteen minutes after the injection, labeled
interphase nuclei were observed in the basal and
the Malpighian layers of the epidermis, the hair
follicles and the connective tissue of the dermis.
Labeled mitotic figures appeared 6 hours later.
The synthesis of DNA is probably, therefore,
completed about 6 hours before cell division.
3. Migration of the labeled cells from the
deeper part of the epidermis to the superficial
part of the Malpighian layer and the granular
layer was seen.
4. The labeled nuclei in 1000 epidermal cells
were counted at various intervals and their
distribution was studied.
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5. The life time of some epidermal cells
appeared to be about 90 hours.
The authors acknowledge the advice and coop-
eration of Dr. William C. (irabb during this work,
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DISCUSSION
DR. ALLAN L. LomNez (Chicago, Ill.): I
wonder whether the labeling technic used in this
beautiful study might possibly be applicable to
determining the rates of physiological desquama-
tion in hnman skin under various conditions.
I know no really accurate measurements of this
rate of desquamation which I believe may have
important bearing on susceptibility to some skin
disorders.
DR. HERMANN PINKUS (Detroit, Michigan): I
also enjoyed this paper very much. It is too bad
that one probably cannot apply this method to
humnn beings. There we have to rely on other
methods to judge the life span of epidermal cells.
It is interesting to note that various procedures
that have been used to estimate life span of
human cells have furnished figures between 25
and 50 days for a basal cell to become a keratin
cell and be shed. These figures indicate a great
difference in speed of renewal of epidermis
between the young rat and man. They point up
how difficult it is to draw conclusions from
experiments on animal skin concerning physio-
logic processes in human skin.
DR. SIMON ROTHBERG (Bethesda, Md): Dr.
Crounse, when he was with us, and I carried
out studies in patients receiving 100 microcuries
of C'1 glycinc. We scraped the stratum corncum
daily and found that the maximum incorporation
in the glycine isolated from the protein was 28
days. In psoriatics, this glycine C14 incorporation
into the epidermal proteins was examined by
re-isolating the glycine and determining its spe-
cific activity. This gave a curve showing a
maximal peak in 3 or 4 days, a time similar to
that which Dr. Fukuyama found in the rat. Of
special interest is whether the stratum corneum
shows any radio-activity after the 6th day. This
may not be evident with tritiated thymidinc as
it would be with a labeled amino acid. Do you
find any radio-activity in the stratum eorneum?
DR. KIMIE FUKUYAMA (in closing): Thank you
for the comments.
The effect of radiation caused by the injected
tritiated thymidine must be considered. In fact,
high levels of tritiated thymidine have been
shown to inhibit mitosis in tissue cultures of
HeLa cells. In this study we have not determined
whether or not radiation resulted in the alteration
of division or migration of the cells.
l,\Te have not seen any localization of silver
grains in the cornified layer and we wonder if
DNA is metabolized before or during kcratiniza-
tion.
